The quantum chemical studies on 1, 1' sulfonyldiimidazole have been carried out by Gaussian 09 software to determine total energy, molecular energies and atomic charge distributions and also to calculate bond lengths, bond angles and torsional angles. The molecular structure of 1, 1' sulfonyldiimidazole, C6H6N4O2S, crystallizes into orthorhombic system with Pbca space group with lattice parameters a = 7.285 (2), b = 11.012 (4) and c = 20.646 (3) Å. It consists of a central sulfur atom acting as a bridge between two planar imidazole rings. Significantly attractive π···π interaction along with C-H···π interaction arrange the symmetry related motifs in sinusoidal fashion along b axis. C-H···O interaction which maintains the interlayer cohesion generates C(5) graph-set motif along [010] direction contributing further to the stability of the structure. The RHF and DFT computational calculations are in good agreement with the experimental results carried out by X-Ray diffraction technique.
Introduction
Sulfonamides, commonly known as sulfa drugs, belong to a class of organic compounds which have a wide spectrum of applications as anti-bacterial, anti-fungal, anti-viral, anti-malarial and anti-cancer drugs (Badr, 2008 . They are used in the treatment of infection, especially for patients intolerant to antibiotics and therefore its study becomes a major area of research and an important branch of commercially significance in pharmaceutical sciences. Sulfonamides are one of the few groups of drugs whose mechanism of antimicrobial action now known at the enzyme level. The antibacterial properties of sulfonamides are related to the inhibition of the enzyme dihropteroate synthase (DHPS). Also, derivatives containing diimidazole moiety have been found to be incorporated in the synthesis of organic polymers and macrocylic complexes (Liu et al,1988) . As part of a systematic study of the stereochemistry of 'sulfa' drugs in different chemicals as well as crystallographic environments, we have investigated the crystal and molecular structure of 1,1' sulfonyldiimidazole (Patel et al, 2001 ). The compound 1,1' sulfonyldiimidazole is also a potent drug belonging to sulfa family. For this compound, DFT calculations are carried out to determine bond lengths, bond angles and torsional angles of molecule by calculating the total energy of a molecule for different molecular geometries and it shows that which conformation is having lowest energy. In addition to this, the dipole moment and molecular energies like HOMO (Highest occupied molecular orbital) and LUMO (Lowest Unoccupied Molecular Orbital) are also calculated. The quantum chemical studies carried out using the density functional theory (DFT) have become an increasingly useful tool for theoretical studies. The success of DFT is mainly due to the fact that it describes the small molecules more reliably. In this paper, a concerted approach by X-ray crystallography and DFT calculation is used, which takes advantage of both the high interpretive power of
Experimental
The title compound 1, 1' sulfonyldiimidazole was procured from Sigma-Aldrich chemicals in pure powder form (99.99%). After several unsuccessful trials, thin platy single crystals of the title compound had been obtained from ethanol at room temperature. Crystal density was measured by flotation method using mixture of benzene and carbon tetrachloride. Intensity data collection of title compound was carried out at X-ray Lab, CSMCRI, Bhavnagar on CAD-4 diffractometer. The structure was solved by direct method using SIR92 software programme. All of the non-hydrogen atoms were refined anisotropically by full-matrix least-squares on F 2 using SHELXL97 (Sheldrick, 2008) . The hydrogen atoms were positioned geometrically and refined as riding with Uiso(H) = 1.2Ueq(C). The intermolecular hydrogen bonding interactions and the molecular graphics were prepared using PARST and PLATON software programmes (Spek, 2009 ).
Computational methods
Two density functional theory (DFT) calculations at the RHF/ 6-31G** and B3LYP/ 6-31G* levels were performed with the GAUSSIAN 09 programme package to find out more suitable method for the title compound (Frisch et al, 2009 ). All the calculations were carried out at Department of Physics, Sardar Patel University, Vallabh Vidyanagar using the default convergences criteria.
Results and discussion
The crystal structure of the compound 1, 1' sulfonyldiimidazole (C6H6N4O2S), depicted in Figure: 1, has been earlier reported by us (Patel et al, 2007) . The ORTEP diagram of the title molecule showing 50% probability displacement ellipsoids with numbering scheme is shown in Figure: 2. In other imidazole derivatives, it is observed that the imidazolidine N-atoms are involved in any conventional hydrogen bonding interactions but in this structure no imidazolidine N-atoms are involved in any hydrogen bonding interactions (Blaton et al, 1979) . However, the molecular structure stability is due to relatively weak but effective C-H···O hydrogen bonds, C-H···π and π···π intermolecular interactions. The molecules are linked through intermolecular C6-H6···O11 hydrogen bonds into a zigzag chain of C5 graph set motif along the b axis as shown in Figure: 3 (Bernstein et al, 1995) . In molecular packing of the title compound along the a axis, the chains are cross-linked through π···π stacking interactions between two symmetry related imidazole rings, with a Cg2…Cg2iii distance of 3.667 (2) Å (Cg2 is the centroid of N3-C4-C5-N4-C6 ring and symmetry code: (iii) 1/2 + x, y, 3/2 -z), and C-H…π interactions involving the C5-H5 group and π system of the C1-C2-N2-C3-N1 imidazole ring (centroid Cg1). According to the classification, the C-H···π interaction shown in Table: 1 forms the type-III geometry lead to the formation of a layer parallel to the ab plane (Malone et al, 1997) . The layered arrangement in the molecular packing predicts that the molecules are arranged sinusoidally along the c axis. Table: 2, Table: 3 and Table: 4 respectively and compared with the experimental values. In view of the bond lengths in Table: 2, the biggest difference between theoretical and experimental values occurs at S-N1 bond with the difference 0.0457 Ǻ for B3LYP method and at C1-C2 bond, with the different values being 0.0094 Ǻ for RHF method. In bond angles, most predicted theoretical values are corresponding to the experimental values but the biggest difference takes place at the bond angle of C5-N4-C6, with difference value being 0.0679° and 1.3101° for B3LYP and RHF methods respectively. The differences between the calculated and observed geometry could be related to the crystal packing in the molecules. However, the observation of intermolecular interactions C-H···O and C-H···π provides evidence of collective effect of all these interactions on crystal packing in the unit cell. 
HOMO and LUMO analysis
Analysis of the wave function indicates that the electron absorption corresponds to the transition from the ground state to the first exited state and is mainly described by one electron excitation from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). The HOMO-LUMO energy gap in 1, 1' sulfonyldiimidazole is -0.47167 and -0.21837 at the RHF/ 6-31G** and B3LYP/ 6-31G* methods respectively. The energy gap reflects the chemical activity of the molecules. In Table: 5, HOMO and LUMO energy calculations, total energy (a.u.) and Dipole moment (D) of 1, 1' sulfonyldiimidazole for both the methods are listed. 
Mulliken population analysis
The Mulliken population analysis of the title molecule has been calculated using RHF/ 6-31G** and B3LYP/ 6-31G* methods and shown in Table: 6. The chart of Mulliken charge distribution is shown in Figure: 4. oxygen atom O2 has negative charge (-0.4951 and -0.6377) and the adjoining sulphur atom S has highest positive charge (1.36502 and 1.79518 using B3LYP and RHF methods respectively). Among all negatively charged nitrogens, the nitrogen N1 and N3 atoms have more negative charge than the charge of other nitrogen N2 and N4 atoms. Nitrogen atoms N1 and N3 have been connected with highest opposite positive charged sulphur atom S. Similarly all the hydrogen atoms have a net positive charge in particular, the hydrogen atoms H1, H3, H4 and H6 have significantly large net positive charge. The presence of considerable amount of charges on C6 and C5 and the hydrogen H6 and H5 atoms predict the presence of intermolecular hydrogen bondings in the crystalline phase, which has been confirmed from the crystallographic investigations. 
Conclusions
The 
